INTRODUCTION {#sec1-1}
============

Parasitic infections caused by gastrointestinal nematodes are among the common and economically important sanitary problems of small ruminant production in various parts of the world. This infection causes a reduction of weight and milk production, as well as diarrhea, anemia, and increased mortality in cases of high infection rate. The treatment is performed with the synthetic anthelmintic, yet the parasitic resistance to various drugs has increased, hindering the effective control of these parasites.\[[@ref1]\] That leads to an increasing interest in alternative methods such as the natural products. Several studies have shown that plants act against nematodes.\[[@ref2]\]

The *Prosopis juliflora* pod, popularly known as algaroba, is utilized as a supplementary food to goats in Northeastern Brazil. A previous study carried out by our research group reported the anthelmintic effect of methanol extracts of fruits from *P. juliflora* in goat fecal culture.\[[@ref3]\] This plant is known to possess piperidine alkaloids which possess several biological activities.\[[@ref4]\] The objectives of this study were to evaluate *in vitro* anthelmintic activity of the alkaloid rich fraction of *P. juliflora* pods on the egg and larval stages of trichostrongyle nematodes from goats, as well as the cytotoxicity effects on the Vero cells (African green monkey kidney epithelial cell line).

MATERIALS AND METHODS {#sec1-2}
=====================

Plant materials {#sec2-1}
---------------

Pods of *P. juliflora* were collected in the city of Senhor do Bonfim, state of Bahia, Brazil, in September 2011. A voucher specimen was deposited in the Botanic Laboratory of Dr. Antônio Nonato Marques, Company for the agriculture development of Bahia (EBDA), Salvador, Bahia (voucher number 5465).

Extraction and chemical characterization of the alkaloid-rich fraction {#sec2-2}
----------------------------------------------------------------------

Air-dried and powdered pods (6 kg) of *P. juliflora* were macerated with hexane (10 L), ethyl acetate (6 L), and methanol (8 L) for 3 days at room temperature, successively. The yields of the extracts corresponded to 0.18% (hexane), 0.30% (ethyl acetate), and 3% (methanol). The extracts were concentrated under reduced pressure to yield the respective crude extracts. The presence of alkaloids was detected only in ethyl acetate extract (EE), through the orange spot visualization by Dragendorff\'s reagent in TLC.\[[@ref5]\] The EE was subjected to open-column chromatography packed with Sephadex LH-20, eluted with ethanol (6 steps, 100 mL c.a.) to provide three fractions (F1, F2, and F3). The F2 fraction showed alkaloid-positive result (Dragendorff\'s reagent) and was called as the fraction containing alkaloids (AF). Further, AF was submitted to ^13^C nuclear magnetic resonance (NMR) analysis using a Bunker Avance III 500 MHz spectrometer (125 MHz) using CDCl~3~ deuterated chloroform as a solvent to identify the major alkaloid.

Anthelmintic assays {#sec2-3}
-------------------

For parasitological tests, feces obtained from goats naturally infected with gastrointestinal nematodes were used, which contained predominantly eggs of *Haemonchus* spp. (fecal culture indicated: 92% of parasites from the genera *Haemonchus* and 8% of *Trichostrongylus* and *Oesophagostomum*). All procedures were conducted according to guidelines for animal ethics, and the study received the approval from the Ethics Committee for Animal Experimental of the Veterinary Medicine and Animal Science School, Federal University of Bahia (no. 36/2013).

An egg hatch assay (EHA) was conducted with eggs recovered from the feces of goats.\[[@ref6]\] The concentrations of EE and AF, diluted in dimethyl sulfoxide (DMSO) (0.5%), were 4.0, 2.67, 1.78, 1.19, and 0.79 mg/mL. A negative control (DMSO -- 0.5%) and a positive control (thiabendazole -- 0.05 mg/mL) were added to each plate. Three experiments were performed with five replicates for each concentration and the control groups. The determination of concentrations of all tests was based on the results of previous pilot studies. The evaluation of larvicidal effect was performed with infective larvae (L3) using larval migration inhibition assay (LMIA)\[[@ref7]\] and larval motility assay (LMA).\[[@ref2]\] For the LMIA, the concentration of EE and AF was 4 mg/mL diluted in DMSO/PBS (phosphate buffered saline) (0.5%), and two controls were prepared: DMSO/PBS (0.5%) and levamisole (0.5 mg/mL). For the LMA, a suspension of infective larvae was distributed in 24-multiwell plates (50 larvae/100 μL/well) and 100 μL each of EE and AF (4 mg/mL) was added separately. A negative (DMSO 0.5%) and a positive (ivermectin 2 μg/mL) control was also prepared. Two experiments were conducted with six repetitions each.

Cytotoxicity assays {#sec2-4}
-------------------

The Vero cell line was maintained at Roswell Park Memorial Institute (RPMI) medium supplemented with 10% fetal equine serum and antibiotics. The cells were cultured at 37°C in a humidified 5% CO~2~ incubator. The experiment was performed in 96-well plates and cells were incubated with EE extract (0.77--2.3 mg/mL) and AF (0.35--1 mg/mL) for 24 h. The control group was treated with DMSO diluted in the culture medium in the equivalent volume used for the treated group (0.1%). Three repetitions were performed with five replicates for each concentration and control. The viability of cells was estimated with the bromide 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.\[[@ref8]\] Treated cells were incubated with MTT (1 mg/mL) for 2 h. Thereafter, cells were lysed with 20% sodium dodecyl sulfate/50% N, N-dimethylformamide (pH 4.7), and plates were kept overnight at 37°C to dissolve formazan crystals. The optical absorbance was measured using a wavelength (405--600 nm) plate reader. Results were shown as viability percentage of the control group. Cell viability was also determined by trypan blue assay. Treated cells were trypsinized, harvested, and pooled with floating cells and centrifuged at 5000 × g for 10 min. Cells were then suspended in 100 μL of RPMI and stained with trypan blue (0.1%). The number of viable and nonviable cells was determined in a Neubauer chamber. The viability percentage was calculated as: (Viable cells/the total cell count) × 100.

Statistical analysis {#sec2-5}
--------------------

The results obtained from the parasitological and cytotoxic studies were analyzed through ANOVA followed by Tukey\'s test, with a 5% significance level. The IC~50~ and IC~90~ were calculated from the nonlinear regression analysis using the GraphPrism program (version 5.0, San Diego - California, USA).

RESULTS AND DISCUSSION {#sec1-3}
======================

The alkaloid-rich fraction (AF) was obtained from EE from *P. juliflora* pods after fractionation on Sephadex LH-20 column. The juliprosopine chemical structure \[[Figure 1](#F1){ref-type="fig"}\] -- in the alkaloid-rich fraction -- was characterized through NMR analysis in comparison with literature data.\[[@ref9][@ref10]\] Juliprosopine is a common alkaloid found in *Prosopis* species.\[[@ref4]\]

![Chemical structure of juliprosopine](PM-13-684-g002){#F1}

[Figure 2](#F2){ref-type="fig"} shows the anthelmintic activity of the EE and AF. In the EHA, the IC~50~ and IC~90~ values equaled 1.9 and 2.9 mg/mL (EE) and 1.1 and 1.43 mg/mL (AF), respectively. High anthelmintic activity was also reported for the methanol extract obtained from *P. juliflora* pods (253.7 mg/mL) in an *in vitro* assay of coprocultures with goat gastrointestinal nematodes.\[[@ref3]\] This difference in the concentration used may be attributed to the distinct methodologies applied and the different extraction procedures. The values of IC~50~ and IC~90~ for the AF were two times lower when compared to the EE that suggests that the chemical compounds responsible for the ovicidal activity of *P. juliflora* can be alkaloids. Studies conducted with piperidine alkaloids isolated from this plant demonstrated a variety of biological activities including antibacterial, antifungal,\[[@ref11]\] and cytotoxic.\[[@ref12]\] The mechanisms of action of active compounds from plants upon the eggs of gastrointestinal nematodes are not yet completely understood. However, the environmental stimuli on the host lead to the release of enzymes by L~1~ larvae, which degrade the egg membrane.\[[@ref13]\] The action of alkaloids of *P. juliflora* may be due to the inhibition of these enzymes activities.

![*In vitro* effect of the ethyl acetate extract and AF from *Prosopis juliflora* on eggs and larvae of gastrointestinal nematodes of goats. (a) Percentage of egg hatching inhibition. (b) Number of third-stage larvae of gastrointestinal nematodes recovered in the migration assay. (c) Larvae mobile recovered in the motility assay](PM-13-684-g003){#F2}

The treatment of larvae (L~3~) with EE and AF led to a significant reduction in the number of mobile larvae compared to the negative control (*P* \< 0.05). However, this effect was lower than that observed in the positive controls \[[Figure 2](#F2){ref-type="fig"}\]. Variations in the activities of the eggs and larvae may be due to differences in enzyme components and structure of the membranes of the parasite stages. Another study conducted with plant has also found the same variations.\[[@ref14]\]

In cytotoxicity assays, the EE and AF promoted a reduction in cell viability in a concentration-dependent manner \[[Figure 3](#F3){ref-type="fig"}\]. The IC~50~ values for the extract and the fraction (trypan blue test) were 1.3 and 0.73 mg/mL, respectively. The microscopic evaluation of the culture cells treated with EE (1.3 to 2.3 mg/mL) and AF (0.77 and 1.0 mg/mL) showed a high proportion of cytoplasmatic vacuoles. Substantial cell degradation was observed only in the cultures treated with high concentrations of the EE and AF. The previous investigation also found the presence of vacuoles and mitochondrial damage in the neuronal cells treated with the AF of *P. juliflora* and that the toxicity of the AF was more pronounced in neuronal cells than in glial cells.\[[@ref12]\]

![Viability percentage of Vero cell posttreatment with ethyl acetate extract and AF from *Prosopis juliflora*, in the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (a) and trypan blue (b) tests](PM-13-684-g004){#F3}

The difference between the concentrations needs to consider that an antiparasitic activity and the cytotoxic effect of the EE and the AF of the plant can be based on the classical principles of toxicity evaluation of xenobiotics. Every drug, being either natural or synthetic, can be responsible for adverse effects, depending on factors such as the target organ, the dose, concentration, and the exposure conditions such as frequency and duration.\[[@ref15]\] The cytotoxicity assays conducted in the present work are initial studies to evaluate the toxicity of the extract and the AF of *P. juliflora*.

The EE and AF from the pods of *P. juliflora* showed *in vitro* ovicidal activity on the gastrointestinal nematodes of goats and cytotoxic effects on Vero cell cultures. The anthelmintic and cytotoxic effects are possibly associated with the presence of alkaloids in this plant. *In vivo* and *in vitro* additional studies about the toxicity of the plant as well as juliprosopine are necessary to assure its therapeutic utilization against gastrointestinal parasites.
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